Major histocompatibility complex class II genes contain a common complex enhancer that allows for their coordinate regulation. The X box element of the enhancer cooperatively binds the multisubunit transcription factors RFX and X2BP. RFX is an essential class II transcription factor and contains three distinct proteins: RFX5, RFX-B/Ank and RFXAP. X2BP, a CREB/ATF family transcription factor, most likely binds as a homodimer. A site-specific protein-DNA photocrosslinking assay was used to investigate the interactions of the subunits of RFX and X2BP with X box DNA. Two of the RFX subunits, RFX5 and RFX-B/ Ank, were found to bind defined sites within the X1 half of the X box. The third RFX subunit, RFXAP, made extensive X1 box contacts. The subunits of X2BP made contacts with the edges of the X2 half of the X box in a manner consistent with other bZIP transcription factor contact patterns. The resulting map provides specific base pair contacts and subunit orientation with respect to the DNA sequence of the RFX-X2BP-X box complex. Our results suggest possible stoichiometry of the RFX subunits and potential interaction between RFX-B/Ank and RFXAP with one of the subunits of X2BP.
INTRODUCTION
Major histocompatibility complex (MHC) class II genes are αβ heterodimers that function to present foreign antigenic peptides to CD4 + T cells. The central role that these molecules play in both cellular and humoral immune responses requires precise, coordinate regulation of their expression. Constitutive expression of MHC class II genes is limited to antigen-presenting cells of the immune system, including B cells, activated T cells, thymic epithelial cells, macrophages and dendritic cells (1) . MHC class II genes (2, 3) can also be induced under inflammatory situations in most cell types by the cytokine IFN-γ. The effect of a lack of MHC class II expression can be seen in the bare lymphocyte syndrome (BLS), a rare autosomal recessive disease characterized by severe immunodeficiency (4) . Children with BLS succumb to opportunistic infections and die at an early age. The defect in this disease lies in the transcription factors controlling expression of MHC class II genes. The study of BLS patient-derived cell lines has separated the BLS mutations into at least four complementation groups (5, 6) .
Coordinate regulation of the MHC class II genes is achieved through the conserved S-X-Y enhancer region found in the upstream sequences of each gene (7) . The X box enhancer element is the most crucial for MHC class II expression, as it is both necessary and sufficient for expression in B cells (8, 9) . Protein-DNA binding studies have divided the X box into a 5′ X1 box and a 3′ X2 box (10, 11) . The transcription factor RFX binds to the X1 box and is essential for MHC class II transcription (12) (13) (14) . The factor that binds the X2 box, X2BP, has been shown to bind cooperatively with RFX to all MHC class II gene X boxes (15, 16) . The S and Y boxes are also required for maximal MHC class II expression in B cells. While the Y box has been shown to bind the non-tissue-specific factor NF-Y (17), the factors that bind to the S box have not been well characterized. Together, RFX, X2BP and NF-Y form a highly stable complex on X-Y DNA (16) .
RFX DNA binding activity is absent in three of the four defined BLS complementation groups (BLS groups B, C and D), suggesting that RFX is a multimeric complex. Complementation of a BLS group C cell line allowed the cloning of RFX5, a 75 kDa subunit of the RFX complex (18) . Co-immunoprecipitation assays using antisera specific to RFX5 identified proteins migrating at 41 and 33 kDa in SDS-PAGE that associated with RFX5 in nuclear extracts prepared from B cells and fibroblasts (19) . The 41 kDa protein has been identified as RFXAP by mass spectrometry determination and sequencing of peptides derived from the protein (20) . The gene encoding RFXAP complements BLS group D. The 33 kDa subunit was also sequenced and identified a novel gene that contains ankyrin repeats (20, 21 All three subunits must be present for RFX to bind DNA in vivo and in vitro (12, 19, 21, 22) . In vivo, full-length RFX5 and RFXAP cannot bind DNA separately or in combination (23) . RFX may function as a nucleating factor for protein occupancy of the entire class II enhancer, as BLS cell lines deficient for RFX5 or RFXAP activity have unoccupied X1 boxes as well as X2 and Y box sequences in vivo (24, 25) . Stability assays show that the RFX-X2BP complex on X box DNA is 10-fold more stable than either RFX or X2BP alone (15) . The cooperative nature of DNA binding by RFX and X2BP suggests that these two proteins may physically interact. Purified X2BP crossreacts with anti-CREB polyclonal antibodies, indicating that it may be a member of the CREB family of transcription factors (15) . Recent peptide sequence analysis of purified X2BP has shown it to be CREB (26) .
While RFX and X2BP have been characterized with regard to their relative composition and their binding to the X1 and X2 sites, respectively, nothing is known about the orientation of these multisubunit factors with respect to their DNA binding sites, which subunits contact DNA, how many subunits are in each factor and which subunits of RFX and X2BP are in close proximity to each other. To determine the orientation and base pair-specific contacts of the individual RFX and X2BP subunits relative to each other and to MHC class II enhancer DNA, we have employed a site-specific protein-DNA photocrosslinking procedure originally devised for use with the general transcription factors and promoter DNA (27) . S-X-Y probes were created with a radiolabel incorporated adjacent to a phenyl azide photoactivatible crosslinking moiety at specific sites throughout the X1 and X2 boxes of the MHC class II enhancer. The photoactive DNA allowed RFX and X2BP subunits associated within 11 Å of specific sites on the DNA to be radioactively tagged. The tagged proteins were then identified based on their mobility on SDS-PAGE or through immunoreactivity. The results provide discreet base pair contacts and the 5′ and 3′ orientations of RFX5 and RFX-B/Ank within the X1 box, as well as multiple contacts between RFXAP and the X1 sequence. X2BP was found to crosslink the X2 box in a symmetrical fashion spanning the 5′-and 3′-ends of the site, suggesting dimer binding. Moreover, the close association of RFXAP, RFX-B/Ank and X2BP suggest direct interactions between these factors.
MATERIALS AND METHODS

Nuclear extract
A Raji cell crude nuclear extract was prepared as previously described (11, 15) and was fractionated by heparin-agarose chromatography using a 0.1-1.0 M linear KCl gradient of dialysis buffer (20 mM HEPES, pH 7.9, 20% glycerol, 0.2 mM EDTA, 0.2 mM EGTA, 2.0 mM DTT and 0.1 mM PMSF). Fractions testing positive for RFX and X2BP activity by gel mobility shift and western blot analyses were pooled and dialyzed in the above dialysis buffer containing 50 mM KCl. Further fractionation was carried out using a Hi-Trap Q column (Pharmacia, Piscataway, NJ) and eluting the samples over a linear gradient from 50 to 600 mM KCl in the above buffer. Active fractions were pooled as above. This process results in an ∼10-fold increase in specific activity of the X box DNA binding proteins over crude nuclear extract. This procedure results in extracts containing all three RFX subunits (data not shown).
Synthesis of DNA photoaffinity probes
Three oligonucleotides were used to generate each site-specific probe (Fig. 1A) : an 87mer containing the S-X-Y region of either the coding or non-coding strand of the MHC class II DRA gene (oligonucleotide 1), a short complementary fill-in primer (oligonucleotide 2) and a site-specific photoactivatable primer (oligonucleotide 3). To create the photoactivatable primer (Fig. 1B) , oligonucleotides (Operon Technologies, Alameda, CA) contained a phosphorothioate 3′ to the second base. The phosphorothioate moiety of the primer was then derivatized with azidophenacylbromide (Sigma, St Louis, MO) as described (28) . The derivatized primer was radiolabeled at the 5′-end with [γ-32 P]ATP, placing the label 2 bp 5′ to the crosslinking moiety. After annealing the three oligonucleotides, T4 polymerase and T4 ligase (New England BioLabs, Beverly, MA) were added to create a contiguous, double-stranded DNA probe which was gel purified prior to use (Fig. 1A) . Thirty-two site-specific derivatized probes spanning every other base pair of the coding and non-coding strands within the X1 and X2 box region were made (Fig. 1C) . All reactions were performed in the absence of dithiothreitol and under low lighting conditions to avoid reducing the photoactive phenyl azide to a photoinert phenyl amine.
Gel shift assays and photoaffinity labeling of proteins
Gel mobility shift analysis was performed as previously described (11, 15) . Reactions were carried out under conditions that favored cooperative protein binding as described (16), including the addition of a methylated pBR322 oligonucleotide to prevent binding of X1 box binding proteins not involved in class II expression (29) . Binding reaction conditions were optimized for each probe. For the competition assays, 100 ng of specific or non-specific competitor DNA was added 20 min prior to probe addition. The reaction was then incubated at room temperature for 30 min. Antibody supershift experiments were performed by the addition of antisera to the DNA binding reaction 30 min after addition of the probe. The reaction was then incubated for an additional 15 min and analyzed by EMSA as previously described (15, 30) . RFX5-C antiserum is specific for RFX5 and displays strong reactivity to the RFX5 subunit and can immunoprecipitate the RFX complex (19) . Anti-CREB antiserum was generated to a peptide located at the N-terminal portion of human CREB and reacts with X2BP (15) . Anti-NF-YA was purchased from Rockland Laboratories (Gilbertsville, PA). For photocrosslinking, UV irradiation was carried out at 365 nm for 2 min using a hand-held UV lamp (UVP, Upland, CA). The crosslinked reactions were treated with 12 U DNase I (Gibco BRL, Grand Island, NY) and 20 U nuclease S1 (Boehringer Mannheim, Indianapolis, IN). Reactions were then denatured and electrophoresed on an SDS-PAGE gel. The gels were dried and analyzed by autoradiography.
Immunoprecipitation of photoaffinity labeled proteins
Immediately following UV irradiation, samples were immunoprecipitated with either RFX5-C or CREB antiserum by adding them to 20 µl of antibody-coupled protein A-Sepharose beads (Pharmacia Biotech, Uppsala, Sweden). Immunoprecipitation reactions were rotated at 4_C for 3 h. Reactions were washed three times in PBS with 0.2 mg/ml BSA and once in water. After washing, the samples were treated with 12 U DNase I (Gibco Figure 1 . Construction of DNA photoaffinity probes. (A) Three oligonucleotides were used to generate each site-specific probe. Oligonucleotide 1 is an 87mer containing the MHC class II DRA S-X1-X2-Y box region, oligonucleotide 2 is a short complimentary fill-in primer, and oligonucleotide 3 is a site-specific photoactivatable primer radiolabeled at the 5′-end with [γ-32 P]ATP. After annealing the three oligonucleotides, T4 polymerase and T4 ligase were added to create a contiguous, double-stranded DNA probe. (B) The photoactivatable oligonucleotide 3 was created by the incorporation of a phosphorothioate 5′ to the third nucleotide followed by derivatization with azidophenacylbromide. (C) A summary of sites (indicated by dots) tested for protein binding along the MHC class II enhancer on both the coding and non-coding strands.
BRL) and 20 U nuclease S1 (Boehringer Mannheim). Immunoprecipitation reactions were then denatured and analyzed by SDS-PAGE as above.
DNA model of protein contacts
The DNA model was created at the Emory Molecular Graphics laboratory using the Sybyl (Tripos, St Louis, MO) and RasMol v.2.5 (Roger Sayle) programs.
RESULTS
Derivatized S-X-Y probes form a protein-DNA complex containing RFX, X2BP and NF-Y
A series of site-specific photocrosslinking probes was constructed using three oligonucleotides: a template oligonucleotide spanning the S-X-Y box region of the MHC class II DRA gene of either the coding or non-coding strand, a short priming oligonucleotide complementary to the template oligonucleotide and one of 32 site-specific derivatized oligonucleotides (Fig. 1) . Each derivatized oligonucleotide was radiolabeled at the 5′-end with [γ-32 P]ATP and then annealed together with a priming oligonucleotide to the template strand. DNA synthesis and ligation reactions were used to create 32 intact, double-stranded DNA probes with crosslinking residues located at every other base pair on both the coding and non-coding strands throughout the X1 and X2 boxes (Fig. 1) .
Nuclear extracts were fractionated as previously described (16) and active fractions containing RFX, X2BP and NF-Y were pooled. This process results in an ∼10-fold enrichment in the specific activity of these factors (20, 26) . Protein-DNA complexes containing RFX, X2BP and NF-Y with X-Y DNA were developed previously and shown to have an extremely stable half-life of >4 h (16) . To verify that derivatization of the S-X-Y probe did not interfere with complex assembly, gel mobility shift analysis was performed using a probe derivatized at position -106 relative to the start site of transcription. Mutagenesis studies have shown previously that this site is essential for RFX binding (10) . A single major complex forms under these conditions, indicating that no interference with complex formation occurred with the derivatized probe (Fig. 2, lane 1) . Additionally, the protein-DNA complex formed on the derivatized probe was identical in appearance to the complex formed on non-derivatized DNA (data not shown). Probes derivatized at other sites along the length of the X box were also shown to form similar protein-DNA complexes (data not shown). The specificity of the RFX-X2BP-NF-Y complex on probe -106 was demonstrated by complete competition using specific competitor DNA but not non-specific competitor DNA (Fig. 2, lanes 2 and 3) . Moreover, antibody supershift assays demonstrated the presence of RFX, X2BP and NF-Y in the complex (Fig. 2, lanes 4-6) . The partial supershift using the NF-YA antiserum is most likely due to the lower antibody titer in this commercial antisera rather than in heterogeneity of the major complex as complexes lacking RFX, X2BP or NF-Y were shown to migrate at different rates (30) .
Identification of RFX subunit contacts within the X1 box
A systematic screening of protein interactions along the X1 box at every other nucleotide on both the coding and non-coding strands was carried out (Fig. 3) . In control reactions in which a non-derivatized probe was used, no protein crosslinking was detected (data not shown). As shown in Figure 3 (lane 1, coding and non-coding strands), photocrosslinking absolutely depends on UV irradiation. The specificity of each reaction is shown by the addition of specific competitor DNA. Non-specific DNA was unable to compete for protein binding on any of the probes (data not shown). A protein corresponding to the size expected for RFX5 (75 kDa) crosslinked strongly to the X1 box at positions -106 of the coding strand and -111 of the non-coding strand. Weaker crosslinking of this protein was observed at position -104 of the coding strand. A protein migrating at 33 kDa on SDS-PAGE crosslinked strongly to the 3′-end of the X1 box at positions -101 and -99 of the non-coding strand. The 33 kDa protein also showed weaker crosslinking at -102 of the coding strand. A protein migrating at 41 kDa appears to form extensive contacts along the length of the X1 box, suggesting multiple electrostatic contacts or the possibility that p41 is present in a >1:1 ratio in the RFX complex. Occasionally, non-specific bands were observed crosslinked to probes at -111, -109, -107 and -103. The identity of these non-specific DNA binding proteins is unknown. Their origin is likely due to non-specific protein-DNA associations and crosslinking in the presence of UV light.
To demonstrate that the crosslinked protein products were indeed subunits of RFX, an RFX5-specific antiserum was used to co-immunoprecipitate the crosslinked protein-DNA complexes (Fig. 4) . This antiserum had been shown to specifically immunoprecipitate RFX5 and its two associated subunits RFXAP and RFX-B in previous work (19, 20) . In this set of experiments, crosslinking reactions for probes -106, -105 and -99, which showed binding of three different proteins, were compared directly with reactions in which RFX5-specific antiserum was used to precipitate the complex. The results showed complete identity between the reactions and therefore identify the bands as part of the known RFX complex (20) , which consists of proteins migrating in SDS-PAGE at 75, 41 and 33 kDa (19) . This is the same pattern that is associated with immunoprecipitation of metabolically labeled RFX proteins (19, 20) . Thus, the 75 kDa protein crosslinked to -106 is therefore RFX5 (lanes 1 and 2) , the 41 kDa protein crosslinked to the -105 probe is RFXAP (lanes 3 and 4) and the 33 kDa protein crosslinked to the -99 probe is RFX-B/Ank. Moreover, a comparison of the immunoprecipitated and non-immunoprecipitated lanes in Figure 4 showed that nearly all of the crosslinked protein product was co-immunoprecipitated. Similar co-immunoprecipitations performed with other probes within the X1 box also identified the crosslinked products as the above RFX subunits (data not shown). Weakly crosslinked bands were observed in this experiment for RFXAP binding to the -106 probe and RFX5 binding to the -99 probe. This result was not consistent but may indicate very weak association of these subunits with these sites.
Identification of X2BP contacts within the X2 box
Protein-DNA mapping experiments were next performed throughout the X2 box (Fig. 5A ). Since X2BP has been shown to crossreact with anti-CREB antiserum (15) , each crosslinking reaction was immunoprecipitated with anti-CREB prior to SDS-PAGE analysis. The results showed that the 46 kDa X2BP Figure 3 . Site-specific protein-DNA crosslinking maps RFX contacts within the X1 box. Probes derivatized at the indicated positions relative to the start site of transcription were incubated with protein extract, UV irradiated, treated with DNase I and S1 nuclease, resolved by SDS-PAGE and viewed by autoradiography. A no UV control was performed for each probe and an example is shown in lane 1 for both the coding and non-coding strands. Reactions were performed with and without the addition of specific competitor DNA (SC) and non-specific competitor DNA (data not shown). Specifically crosslinked proteins corresponding to sizes expected for the RFX subunits RFX5 (75 kDa), RFXAP (p41) and RFX-B/Ank (p33) are indicated with arrows to the right. Non-specific binding proteins are indicated by an asterisk. 3 and 4) were run in parallel with anti-RFX5 co-immunoprecipitations of the same crosslinking reactions (lanes 2, 4 and 6). Co-immunoprecipitation was performed by rotating samples at 4_C for 3 h with antibody-coupled protein A-Sepharose beads. After washing, samples were treated with DNase I and nuclease S1 prior to electrophoresis on SDS-PAGE.
factor binds to the palindromic X2 box in a highly symmetrical fashion. On the coding strand, X2BP crosslinks strongly to positions -98, -96 and -90. On the non-coding strand, X2BP crosslinks strongly to positions -95 and -87 and weakly to positions -91 and -89. These symmetrical interactions suggest that the X2BP factor binds as a dimer, which is consistent with our recent identification of X2BP as a member of the CREB/ATF family of DNA binding proteins (26) .
Crosslinking reactions performed at four positions within the spacer region between the X2 and Y boxes (-84, -80, -83 and -79) did not show significant protein crosslinking (Fig. 5B) , demonstrating the specificity of the system for MHC class II transcription factors. Additionally, this result suggests that no proteins are making extensive or close contacts with the phosphate backbone of this region.
DISCUSSION
Previously, protein complexes formed on the MHC class II enhancer have been studied by gel mobility shift assays and footprinting techniques (11, 12, 15, 31) ; methods that have provided no information on the orientation, stoichiometry and role that the individual subunits of these multiprotein factors play in DNA binding. We have used a site-specific crosslinking method to determine the orientation and contacts of the subunits of the MHC class II transcription factor complexes on the X box enhancer element. The crosslinking procedure used has several advantages over traditional crosslinking methods. First, since the crosslinking agent is incorporated into the DNA phosphate backbone, it can be placed at any position. This allows the detection of proteins that interact with the minor groove or backbone of DNA, as well as proteins that interact with the major groove. Second, the relatively short length (11 Å) of the crosslinking moiety restricts access to only nearby proteins, allowing the distinction between binding patterns of different transcription factor subunits. Additionally, use of an aryl azide as the crosslinking agent allows proteins to be crosslinked by long wavelength UV irradiation, thus eliminating short wavelength UV coupling of protein to unmodified DNA (32) . Figure 6A summarizes the results from this study and shows the contacts made by the RFX and X2BP subunits. RFX5 makes specific contacts at the 5′-end and the central region of the X1 Figure 5 . Site-specific protein-DNA crosslinking of the X2 box and spacer region. (A) X2BP makes symmetrical contacts within the palindromic X2 box. Probes derivatized at the indicated sites were incubated with protein extract, UV irradiated, treated with DNase I and S1 nuclease, immunoprecipitated with anti-CREB-1, resolved by SDS-PAGE and exposed to X-ray film. Controls are as described in Figure 3. (B) Site-specific protein-DNA crosslinking shows a lack of protein binding in the spacer region between the X2 and Y boxes. Reactions were performed as described in Figure 3. box. Identification of the other X1 box photocrosslinked proteins was made possible by the previous antibody precipitation studies (19) in which proteins migrating with relative molecular masses of 41 and 33 kDa in SDS-PAGE were detected. The photocrosslinking patterns were identical to those produced by RFX5 co-immunoprecipitations (19, 20) , indicating that these are the same proteins. Based on mobility in SDS-PAGE the 33 kDa protein was originally thought to be RFXAP and the 41 kDa protein was unidentified (7, 19) . Recently, the 41 and 33 kDa proteins were isolated by their association with RFX5. MALDI-TOF mass determination of the 41 kDa, RFX5-associated protein identified it as RFXAP (20) . A similar analysis of the 33 kDa protein identified a novel gene that complements cell lines derived from BLS group B patients (20) . We have termed this gene RFX-B. A similar finding was made by Masternak et al. (21) and the protein was termed RFX-Ank for its ankyrin repeats. RFX-B/Ank was found here to make close contacts at the 3′-end of the X1 box. Interestingly, RFXAP makes extensive contacts throughout the X1 box sequence. As seen in the model, RFX5 and RFX-B/Ank bind to the same surface of the X1 box DNA in positions adjacent to each other. X2BP, which is currently thought to bind as a homodimer (26) , binds the downstream X2 box in a symmetrical fashion, making contacts at the edges of the X2 site, suggesting that each of the monomeric units of X2BP bind to each half of the X2 box. Contacts made by the most 5′ X2BP subunit are juxtaposed with contacts made by RFX-B/Ank and RFXAP. This suggests that RFX-B/Ank and perhaps RFXAP interact directly with the 5′ subunit of X2BP. Also, this model predicts that X2BP, RFX5 and RFX-B/Ank are on the same surface of the DNA, supporting the above argument that these proteins may interact with each other. An intriguing possibility is that the binding of the RFX and X2BP proteins to one side of the DNA may provide a novel surface for coactivators such as CIITA to interact.
The boundaries observed for RFX and X2BP crosslinking are consistent with results from previous mutagenesis experiments which functionally separated the X1 and X2 boxes (10) . The sites bound by RFX5 and RFX-B/Ank seem to be of crucial importance for the overall binding of RFX. Mutagenesis studies performed throughout the X1 box region have shown that positions -106, -101 and -100 are the most crucial for RFX binding to the DRA X1 box (13) . Our results show that RFX5 makes contacts at position -106 and RFX-B/Ank at positions -101 and -100. These results are also consistent with in vitro methylation interference patterns (11, 12) and in vivo genomic footprinting of the X1 and X2 boxes (24) , which provide information on guanines that affect binding when methylated or are prevented from being methylated when RFX or X2BP are bound.
Previous DNA binding studies of RFX using extracts prepared from BLS patients lacking one of the RFX subunits (12, 22, 33) showed that each complementation group produced a protein that failed to bind to X1 box DNA. The finding that three factors correlated with the three RFX-deficient complementation groups (34) and that the individual cloned RFX proteins, RFX5 and RFXAP, did not bind DNA on their own (23) suggested that all three proteins were required for DNA binding. This requirement can now be understood, as all three subunits participate in DNA contacts with the X1 box. The predominant crosslinking of RFXAP to the X1 box may indicate that it plays a role in stabilizing either RFX binding to the DNA or subunit association. Because RFXAP crosslinks to such a large stretch of DNA, we hypothesize that RFXAP interacts with the X1 box through largely electrostatic interactions. The precise stoichiometry of the three subunits of RFX in the complex is not known. However, because of the limited contacts of RFX5 and RFX-B/Ank it is likely that these proteins are present only once in the complex, while RFXAP, which makes extensive contacts, may be present in more than one copy.
The binding pattern of X2BP to the X2 box is similar to the binding pattern of the bZIP protein GCN4, a yeast activator protein, to a CRE site. The crystal structure for GCN4 bound to a CRE site shows a highly similar binding pattern on the palindromic sequence, with the center of the binding site remaining unoccupied (35) . Sequence alignment of the MHC class II X2 boxes shows high conservation at the sites of contact, while the center of the sequence is more variable (16) . This corresponds with the pattern of X2BP crosslinking in which the central sequence does not appear to make close contacts with X2BP.
Gel mobility shift assays have shown that RFX and X2BP bind to X box DNA cooperatively (15) . This cooperative interaction plays a role in the coordinate regulation of MHC class II genes, allowing strong complex formation to occur despite sequence variations/polymorphisms within the individual X1 and X2 boxes that prevent the binding of individual factors in vitro (30) . While RFX and X2BP are likely to physically interact, direct contacts between the two factors have not yet been shown. Our data show close association of a subunit of X2BP with the RFX subunits RFXAP and RFX-B/Ank, suggesting potential interactions between these proteins. Such protein-protein interactions may be responsible for the cooperative nature of their binding. RFX-B/Ank contains three ankyrin motifs. Such motifs function in protein-protein interactions (36, 37) . Thus, it is possible that the ankyrin repeats of RFX-B/Ank interact with the adjacent X2BP subunit and form the basis for the stability of the X box DNA-protein complex.
